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CONVERSION FACTORS: U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUPEMENT

These conversion factors include all the significant digit; giver' in the
conversion tables in the ASTM Metric Practice Guide (E 380), which
has been approved for use by the Department of Defense. Converted
values should be rounded to have the same precision as the original
(see E 380).

Multiply By To obtain

inch 0.0254* metre

pound/ft' 4.882428 kilogram/metre2

pound/ft' 16.01846 kilogram/metre'
* Exact.
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ANALYSIS OF ROOF SNOW LOAD CASE STUDIES
Uniform loads

M. O'Rourke, P. Koch and R. Redfield

INTRODUCTION of recorded ground snow loads ior a particular loca-
tion to an appropriate extreme value distribution.

Snow is the governing structural design load for For example, Thorn (1966) ued a log-nornal
roofs in many 1'rtions of the United States. The distribution to fit the series of annuil maxima of tile
importance of establishing an appcoptiate design load water equivalent of groU.d snow. The 50-)ear-mean
becomes apparent after studying statistics on roof recurrence intervals for ground snow loads generated
collapses gathered by insurance companies.* In the by Thorn are the basis for the ground snow load map
past, snow loads and rain loads on inadequately in the 1972 American National Standard (ANSI 107 2 )
drained roofs have caused about the same number of The ground load provisions for the 1982 American
roof collapses. The dollar losses from each were National Standard (ANSI 1982) are based upon inure
also about equal. More recently, due to heavy snow- recent work by Tobiasson and ledfield (in press), who
falls in portions of the United States, snow-related also used a log-normal distribution to obtain 50-year-
collapses have exceeded those due to rain loads, mean recurrence intervals for giound loads for the
Roofs of more than 200 buildings collapsed due to United States. A Gumbe! extrene-value distribution
snow during the 1977-78 winter, with daina, in was used in establishing ground loads for the National
excess of $40,000,000.t The heavy snow in the Mid- Building Code of Canada (National Research CoU1il
west during the 1978-79 winter caused about 140 1977).
building failures in the Chicago metropolitan area There is very little information on the variation
(Bilandic 1979) and over 100 failures in Wisconsin of roof snow loads across the United States. From a
(Somerson 1979). structural engineering viewpoint, however, the snow

Factory Mutual Insurance Company, a company load on the roof is the important design parameter.
that insures approximately 60% of the industrial To compare ground snow loads with roof snow loads.
buildings in the United States, reportedt that during most building codes and standards use a ratio termed
the period from 1974 to 1978, snow loads accounied the ground-to-roof conversion factor.
for approximately 55% of the roof losses; 20% were The purpose of this report is to use data on ground
due to rain, and the remaining 25% were due to and roof snow loads to determine the conversion fac-
structural deterioration, excessive equipment loads tor for uniform snow loads on flat and sloped roofs,
and other causes. Drifting loads on multilevel roofs specifically how the thermal characteristics of tll?
accounted for about 75% of the snow-related failures. roof, the slope of roof, and tie exposure of the struc-

Most building codes and standards include require- ture affect this factor.
ments on how much snow a roof should be designed
to hold. Because ground snow data are available, the
usual starting point for determining a design roof DATA BASE
snow load is to determine the ground snow load. The
probability that the maximum ground snow load will The data analyzed in this report were collected
exceed a particular value in a given period of years during a three-year research program sponsored by
may be calculated by fitting the set of annual maxima the U.S. Army Corps of Engineers Cold Regions Re-

search and Engineering Laboratory (CRREL). Re-
* Personal communication with M. Burke, Factory Mutual searchers from eight universities in the Northeast,
Insurance Co., and V. Hassell, Kemper Insurance Co. Midwest, and Northwest measured roof and ground
t Personal communication with M. Burke. snow loads for 199 structures (Table I), resulting in
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Table 1. Number of structures surveyed by sloped roofs and the upper-level roofs o,' multilevel
participating universities. structures. Of the 253 roofs in the data base, 183

have an RG of I.
Universir' 197S-76 1976-77 1977.78 When drifting causes non-uniform loadings, the

University of Colorado - - 31 RG is 2 (wlhen the drifting is due to parapets) or 3
Michigan Technological (when the drifting is on lower-level ioofs of multi-

University - 20 21 level buildings). The data fiolm roofs in these cate-
gories are considered in a separate report (Von Brad-

Oregon State University - 15 t ssky 1980) and are listed here only to show the ex-
Rochester Institute of tent of the data base.
Technology - 20 - The structure's exposure to wind was identified

Rensselaer Polytechnic by the exposure rating (1iX), which is a function of
Institute 21 51 44 the location of tie ioof relative to its suroundings.

South D akota State The expostre rating considers shelter from trees.
University - - I I buildings and other obstrut.ions. EX is I for shel-

State University of tered roofs, 2 for semisheltered roofs and 3 for wind-
New York at Buffalo 21 swept roofs. Since the exposure rating is a subiective

Washington State Jni- measure, two individuals might disagree on a particti-
versity/University of lar rating. Fortunately. the contract lanager foi
Idaho - - 14 the CRREL research project visited each of the par-

ticipating universities and most of the structures in-
Total* 21 106 I57 chided in this study, assuring uniformty in the ex-

*For some structures, roof snow load case studies are posure ratiugs. Figure I shows typical shelteted.
a'ailable for two or three consecutive years. The sum semisheltered and windswept roofs.
of the structures monitored for individual winters is The final roof characteristic contained in Appendix
therefore larger than 199. B is the hcatling parametei II. Since sone reduction

in roof snow load due to heat flow through the roof
is likely, structures ate identified as unheated (H1 is

the largest collection of information oil roof snow I ) ol heated (IH is 2).
loads in the U.,ited States. Appendix A lists the Information about the chaiacieri itcs of the 253
reports about these case studies. roofs surveyed is summarized -,n Table 2. Notice

Each researcher was directed to select roofs in that moie than half ihe roofs are windswept, while
his area that covered a range ofexposure, geometry nearly 75% are heated.
and thermal characteristics. Tfhis resulted iti the Ground and roof snow loads weie measured diuing
selection of roofs that fell into similar categories each visit to a particular stitctture. Standard measure-
that spanned the northern U.S. from coast to coast. nlent techniques wet e emnployed by all reseat chers.
Tile researchers were provided with snow density
kits and instructions on how to measure ground and
roof snow. Table 2. Summary of the structural character-

Information about the structures is contained i istics for the 199 structures in tile data base.
Appendix B. Each structure is identified by a struc-

ture numbci (SN). Since some structures had two Perent j roofs
or more roo;-, each roof is identified by a roof num-
ber (RN). For example, tile RN is I for the upper Roof geonetr
roof of a multilevel building, while the RN is 2 for the I (uniform loads) 73
lower level roof of the sale structure. I lence, al- 2 (parapet drif ting loads) Is

though there are only 199 structures. there are 253

roofs in tile data base. Exposure rating

The slope of each roof in degrees and the roof I (sheltered) I I
geometry (RG) are also listed in Appendix B. The 2 (semiisheltered) 31
RG parameter classifies the roofs according to the 3 (windswept) 58

type of snow load observed. The RG is I where rel- lfeating parameter

atively uniform roof snow loads were observed. In- I (uiieated) 28
, tuded in this category are flat single-level roofs, 2 (heated) 72
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c. lWindswept.

F''gure I (cont'd). Tipical roofv.

resulting in uniform data for all roofs in the study. middle of F'ebruary. As a result, the C values plotted
Appendix C gives the structure number, the roof in the upper portion of Figure 2 are much higher
number and the date of the visit, along with the during the first half of the winter than during the
average depth of the ground snow ig and the roof second half.
snow hr and the average density of the ground snow The naximum roof load occurred before the max-
tg and the roof snow -j, imum ground load in about half the case studies. In

approximately 40% of the cases, the maximum roof
and ground loads were observed during the same

CONVERSION FACTOR visit, while in only about 10% of the cases did the
maximum roof load occui after the maximum ground

Structural engineers are interes'ed in conversion load.
factors relating the roof snow load to 'he ground Besides the variability, the majol drawback with
snow load. It is possible to calculate a convr,.,on C, is that it does not supply the information needed.
factor Cv for an individual structure from the data Structural engineers have probabilistic estimates for
for a particular visit to that structure: the maximum ground load and want estimates for

the maximum roof load. That is, the conversion

CV 0 "() factor of interest is the ratio between the inaximunm
hg •g )r,, F 'ad and the maximum ground load. This quan-

lity ,u, ',e referred to as C,,, the conversion factor
The C values vary widely for a particular structure between ma' l"ia:
during a given year because the mechanisms that de-
plete or remove snow from the roof (i.e. wind and, (/rr'max
to a lesser extent, thermal effects) differ front the C) h (2)

mechanisms that affect snov on the ground. This
is illustrated in Figure 2, which shows the variation where (hrr )m ,x is the maximum roof load for a
in grouod and roof snow loads for Structure 67 during particular structure recorded during a given year and
the 1976-77 winter. Noti-e that the maximum roof (hg^g),a is the maximun ground load measured
load occurs around the beginning of January, while in the imrediate vicinity of the structure during that
the maximum ground load doesn't occur until the year. Thus, there is a separate C, value for a particular

4
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Figure 2. Variation of ground snow load, roof snow load and
vpisit conviersiot fact!oriwith time (Stnictiire lo. 67, 1976-77).

structure for each visit, but there is only one Cm for structures in the Albany, New York, area and in
value per year. Because the maximum ground and the Adirondack Mountains in northern New York
roof loads often occur at different times, the recoin- have been attributed to differences in the patterns
mendations contained in this report are based upon of seasonal snowfall at the two sites (O'Rourke 1Q78)
structures which were visited at least twice during Since most building codes require a minimum roof
a particular winter, live load between 12 and 20 lb/ft2 , the conversion

factor should not be based on information associated
Ground load effects with low ground loads. Therefore, snow load case

The pattern of seasonal snowfall has an effect on studies for structures where the maxiinii annual
the conversion factor for uniform loads. Areas with ground load was less than 20 lb/ft2 will not be con-
infrequent snowfalls and small accumulations have sidered.
higher ground-to-roof conversion factors than colder
areas with substantial ground snow accumulation. Exposure effects
In a location where the winter is characterized by a The effect of wind is the most important exposure
few snowfalls separated by warmer weather, there parameter. Lutes (1970) reports the following ratios
will be little or no accumulation of ground snow between roof and ground snow loads as a function of
from one snowfall to another. For this location both wind exposure: 0.9 for well-sheltered roofs, 0.6 for
the maximum ground load and the maximum roof obstructed roofs, and 0.3 for well-exposed roofs.
load occur immediately after the largest snowfall. Building codes have also recognized the effect of
Hence, the conversion factor would be relatively wind on roof snow loads. Both the 1977 Canadian
close to 1. National Building Code (National Research Council

Now consider a location where the winter is char- 1977) and the American National Standard (ANSI
acterized by a larger number of snowfalls closely 1972) recommend a conversion factor of 0.8 for
spaced throughout the winter. Here tie maximum sheltered roofs. This value is reduced to 0.6 for roofs
ground load is due to accumulation throughout the fully exposed to winds.
winter. lhe maximum roof load is due to the same The roof and ground load data collected for this
accumulation modified by wind, thermal and other report (Appendix C) also illustrate the importance of
effects. For this location the conversion factor for wind. Figure 3 presents the mean and standard de-
structures with similar characteristics would generally viation of Cm for each exposure rating. The values
be less than for the first location. Differences in Cm in Figure 3 are for roofs with uniform loads on struc-

tures that were visited at least twice a year and that

5
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Figure 3. Conversion factor between maxima (C ..) vs
exposure rating.

had a maximum ground load greater than 20 lb/ft2 .
Of the 83 roofs in this category, 25 were sheltered, 2 -

23 were semisheltered and 35 were windswept. As
expected, the conversion factors decrease as the wind
exposure rating increases; the average values of Cm
are 0.78 for the sheltered roofs, 0.59 for the semi- _E
sheltered roofs, and 0.53 for the windswept roofs.
As will be seen later, a structure's exposure has a 08-

stronger effect on its conversion factor than the other
Mean,parameters. ,e

Thennal effects
The ground-to-roof conversion factor should be Cc

IStandard

function of the roof's thermal characteristics. If 04 Sevation
a structure is heated, thermal energy tlo%%'lg through ro
the roof should melt the roof snow. On sloped roofs. _
snow sliding should be increased by the warming of
the roof snow. This reduction in roof snow load
would not take place for unheated structures.

The data in this report show that the conversion ___

factor is indeed a function of whether the structure 0 I 2
(Unheated) (Heated)is heated or unheated. Figure 4 presents the means Thermal Parameter

and standard deviations of C. as a function of the
thermal parameter 11. The values in Figure 4 aie
drawn from the 77 roofs that were visited at leats Figure 4. Conversion factor between maxina (CII)
twice a year, that had maximum ground loads of at vs thermalparameter.
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least 20 lb/ft2 . and for which If is known. The aver-
age conversion factor for tile unheated structures is
about 0.70, while tie corresponding value for heated 12

structures is about 0.55. The standard deviations for
both groups ate relatively high. This is partly because
the distibutions of exposure ratings within the two
groups are no: the same.

Table 3 presents the conversion factor data sub- M
divided by the thermal parameter and the exposure , 08

rating. For both heated and unheated structuresX
Cm tends to decrease as dhe exposure rating increases. ,T
For each exposure rating Cm is lower for heated Mendrd
buildings. IT. _eviationC

Table 3. Average C, for various combinations > 04-
of thermal parameter and exposure. 10

E

Exposure rarvig
2 3

Ilea ing parameter (Sheltered) (Sernishelteredl (Windsttept)

I (unheated) 0.84 0.66 0.55

(17) (12) (14) 0 O-1* 12-23 24-35 36"

2 (heated) 0.66 0.48 0.52 Roof Slope

(8) (8) (18)

*I he numbers in parentheses indicate the number of roofs Figure 5. Conversion facter between maxima (C,,)
in each catcry. vs roof slope.

A finer characterization of the thermal parameter,
considering the thermal resistance (R-value) of the Table 4 presents average Cm values fot combina-
roof and roof venting, was also investigated. How. lions of of slope and exposure. There is a fainl%
ever, this did not yield consistent Cm values, probably consistent pattern associated with exposure- toi each
due to the small number of roofs in each category and slope category tle Loonversion factoi tends to decrease
the tendency for wind effects to mask thermal effects, with increasing exposure. There is, however, no trend
Data from a larger sample of roofs may yield more associated with slope Further subdivision by both
definitive results on the effect of roof venting and exposure and thermal parameters also yields no dis-
thermal resistance. cernible trends, mainly because most of the structures

have relatively small slopes (less than 360). For this
Slope effects

Roof slope should affect the ground.to.roof con-
version factor; tile larger the slope, the lowei the Table 4. Average Cm for various combinations
conversion factor should be. However, the data in of slope and exposure.
this report indicate that slope has little or no effect
on Cm for roof slopes up to about 35E .  E 2 3

In Figure 5, the means and standard deviations S
of the conversion factors are plotted versus varioc'r
rangcs of roof slopes. The same 77 roofs that were o- 10 0.79 0.60 0.38

considered in the thermal effects section are included. (t2)* (6) (Oo)

Of these roofs, 27 had roof slopes of less than 12', 12-23 0  0.66 0.62 0.71

25 had slopes between 120 and 230, 20 had slopes (5) (8) (12'

between 240 and 350 and 5 had slopes of 360 or 24-350 0.83 0.47 0.44

greater. The data in Figure 5 indicate that Cm is (8) (5) (7)

unaffected by slopes less than 360. However, tile > 360 - 0.73 0.55

distribution of exposure ratings within the slope (0) (2) (3)

subgroups is not uniform. Since exposure has been *The numbers in parentheses indicate the number of
shown to be important. a further subdivision similar roofs in each category.

to that used for thermal effects is appropriate.

7



range of roof slopes, the effects on roof snov load unheated and heated structures for all three exposure
are negligible, and most codes and standards do not groups in Table 3. This results in Tvalues of 1.22
allow a reduction in roof snow load for slopes less for unheated structures and 1.00 for heated structures.
than about 30* (ANSI 1972, 1981, National Research The variation of actual conversion factors about
Council 1977). The development of a relationship the expected values given by eq 3 is quantified by a
for structures with roof slopes of 36' and greater multiplicative error term C:
awaits more data; roof material (i.e. slippery or non.
slippery) will likely be part of this relationship. C =(4)

'11

EXPECTED VALUE RELATI3NSHIP Since c is always positive, a one-sided probabiity
distribution should be used to model it. The log-

A new direction in the specification of design normal probability distribution, which assumes that
loads currently being adopted in the U.S. is the load the natural log of c has a normal distribution, was
and resistance factor design method. This method chosen for this purpose.
requires that the structural loads and stiuctural "e- According to the usual probabilistic procedure,,

sistances. or load-carrying capabilities, be expressed (Benjainm and Cornell 1970). the constant a in the
as an expected value (mean) and a variation about expected value relation should be chosen such that
the expected value. Therefore, the relationship be- the mean of In(e) equals /ero. and hence the median
tween the expected value Cm and tie exposure and of c is one. Foi the 77 roofs used for the previous
therrtal parameters is developed in this section. calculations, a was calculated to be 0.47. The ex-
Since roof slope has little effect on Cm fo: most of pected value relationship becomes
the structures studied, it is excluded from the ex-
pected value relationship. The variations of actual CHI = 0.4 7- E - T . (5)
values about the mean or expected value are quanti-
fied by an error term e.

The expected value relationship has the following
forhml: 16-

(a) Multiple Points
C'11 = a-E1" T (3)

where E is the exposure factor. T is the thermal fac-
tor and o is a constant. The exposure factoi is a
function of the average Cnvalues for each exposure

rating. The semisheltered exposure will be used as
the base (i.e. E = 1.00). The exposure factors for the
other exposure groups are calculated by averaging a)
the ratios of the average conversion factors between Z58 a:
the group in question and the semisheltered group foi

both heating parameters in Table 3. This results in E
values of 1.32 for sheltered roofs, 1.00 for semishel-
tered roofs and 0.95 for windswept roofs. ,

Notice that the ratio between the expected con- 04:

version factors for sheltered and windswept structtres
(I .3210.95 = 1.39) is quite a bit smaller than that
reported by Lutes (1970) (0.9/0.3 = 3.0). The 1982
A58.1 Standard (ANSI 1982) uses a value of 1.2/0.8
= 1.5 for this ratio. 004 08 1

The thermal factor T is a function of the Cm al- 0Expected V0lue

ues for the heating parameter and was evaluated in
a manner similar to that used for E. If heated struc-
tures are used as a base (i.e. T= 1.00), the thermal
factor for unheated structures is calculated by aver- Figure 6. Conversion factors for uniforn loads Ps
aging the ratio of the conversion factors between expected value from eq 5.

8
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Figure 6 is a plot of the actual C,1 values for the The snow load provisions of these two codes aie
77 roofs versus the Cm values calculated by using sinular in nany respects. Since only tufoi n loads
the appropriate values of E and T in eq 5. As antici- are consideied in this repoit. the basic flat roof load
pated. Cm captures the central tendency of the con- modified for slope will be used.
version factor data: that is, higher values for the In the Canadian code and the Ameiican standard
actual data tend to be matched by higher values for the basic flat roof snow load pf foi structures with

C.," -normal wind exposure is

Figure 7 is a histogram of the probability density
of the error term e. Fitting a log-normal distribution P, = 0.8 p (7)
to the error term data restlts in a standard deviation
for In (e) of 0.42. Hence the probability density where p. is the design ground snow load. For stiuc-
function f(e) becomes tures fully exposed to wind.

I I [lnOe)121
f(e) ex) 2 0 (6) pf = 0.6 pg. (8)

0.42 e i2r -
For these comparisons, structures rated shelteied or

The log-normal approximation for e is also shown on semisheltered are considered to have noimual exposure.
Figure 7. Note that f(e) matches the actual error while structures rated windswept are considered to be

term data well, particularly in the tail region (e > fully exposed.
1.5), which is most imlportant for load and resistance For roof slopes S greatel than 30', both documents
factor design. allow a reduction in tile design load:

I - s 1 0 .251-O
Comparison with existing codes and standards Pr oI25 I Pr (9)

In this section. values of Cm from the case studies
are compared with design guidance in existing where Pr is the design load for sloped roofs.
building codes and standards. The 1977 National Figure 8 is a plot of the case study conversion
Building Code of Canada (National Research Council factors for the 77 structuies versus the corresponding
1977) and the American National Standard A58.1 - values recommended in the Canadian code and Amer-
1972 (ANSI 1972) were chosen for this comparison. ican standard. Notice that about 65% of the data

9



t The exposure factor in the 1982 ANSI standard
16 ranges from 0.8 to 1.2 for five classifications of roof

(a) Multiple Points exposure (Appendix D). Only three exposure classi-

L fications are used in this study, so the 1982 standards
must be adjusted so they can be compared with tie
case study data. The 1982 ANSI values of C, will be

ltaken as 1.2 for sheltered roofs, 1.0 for semisheltered
roofs, and 0.8 for windswept roofs. This adjustment

W eliminates category B (Cc = 0.9) and category D (Cc
= 1.). Tha 1982 ANSI exposure factors have about
the sante range as the wind exposure factors developed

S08- .s "in this study.
" .: of The 1982 ANSI thermal factor Ct is a function

"t! of tile inside temperature of the structure. As shown
" in Appendix D, Ct equals 1.0 for heated structures,

I .1 for structures kept just above freezing, and 1.2
*! .1 for unheated structures. The thermal characteristics

of the case study roofs are quantified by the heating
parameter, which only considers heated and unheated
structures. To allow a comparison, the 1982 ANSI

I - . Ct value for structures kept just above freezing was
0 04 08 I 2 eliminated. Notice that tile 1982 ANSI therml

NBC-1977 and ANSI- 1972 Conversion Factors factors are quite close to t.ie thermal factor developed
in this report.

Figure 8. Conversion factors recommended in ex- Th. purpose of the risk factor I is to increase stiuc-
isting codes and standards vs case study values. tural design loads for cases where the consequences

of failure are greater than normal and to allow a re-
duction in load for structures where the consequences

points fall below the 450 match line; that is, the of failure are less than normal. The risk factors iange
umform load provisions for both yield conservative from 0.8 to 1.2, with a value of I.0 for most perman-
estimates for the ratio between maximum roof load ent structures. For the comparison of the 1982 ANSI
and maximum ground load. standard with the snow load case studies, I = 1.0 will

be used for all structures.
Comparison with relationships proposed in new The 1982 ANSI design snow load for sloped roofs
ANSI standard p, is calculated from the flat roof design load p,

In this section, values for tile conversion factor using the formula
Cm from the snow load case studies are compared
with values in the 1982 ANSI A58.1 Load Standard. Pr = Cs Pr (II)
The 1982 ANSI provisions for uniform loads are
based, in part, on a preliminary analysis of the data where C, is the slope factor. The slope factor is a
in this report. function of the roof material, roof slope and thermal

The 1982 ANSI provisions for uniform loads are factor Ct.Appendix D presents graphs of C, versus
quite similar to those suggested by Tobiasson and roof slope for cold and warm roofs.
Redfield (1973). They incorporate wind, thermal, The 1982 ANSI conversion factor for uniform
slope and roofing material parameters in determining loads (Cm)A on normal risk structures in the contig-
the uniform load conversion factor. uous United States is then the ratio of roof to ground

The 1982 ANSI equation for the basic flat roof load:
snow load is

(C)A = 0.70 Cc C, Cs (12)
pf = 0.70 C, • Ct • I. pg (10)

Figure 9 is a plot of the conversion factors Cn,
where 0.70 is the reduction for normal roofs, Cc is the from the case studies versus the corresponding 1982
exposure factor, Ct is the thermal factor, I is the im- ANSI values from eq 12. The trend of actual values
portance factor and pg is the design ground snow load.
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conversion factor was influenced to a lesser degree
1.6( i by tile thermal characteristics of the structure, that

S(,) Multiple Points is, whether it is heated or unheated. For the struc-

tures in this study, roof slopes between 00 and 350
did not have an observable effect on the conversion
factor.

| 1.2 An expected value relationship between the struc-

lure's exposure and thermal parameters and the .on-
version factor was established. The variation of ob.

* served values about the expected or mean value was
I 1.quantified by an erroi term c, defined as the ratio of
0
Z; 0 8- " "observed to expected values. A log-nornal distrbu -

. . tion with a mean of =n() =0.00 and a standard de-
viation of In(e) = 0.42 was shown to be a good model

/ for the error term.
0

J 0.4 - P Finally. recomnmendations for uniform roof snow
i 0.4_ - ! i ;""

U i • •load found in the 1977 National Building Code of

Canada. the 1972 Aineiican National Standard. and

L. the 1982 American National Standard were com-
pared with values from the case studies. The uniform

/ - load provisions in all three standards yield estimates
0 04 08 12 for the ratio between maximnum roof load and maxi-

(M)A, ANSI (1982) Conversion Foctor mnum ground load which are, on the average, larger
than measured values.

Figure 9. Conversion factors recommended in the

1982 ANSI Load Standard vs case study con version
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APPENDIX B. ROOFS IN THE SNOW LOAD CASE STUDY DATA BASE.

Structure Roof Slope Uleating* Exposure* Roof Strucnre Roof Slope Heating Exposrre Roof

number number (degrees) parameter ra ing geometr, number number (degrees) parameter rating geometry

3 0 I 2 3 61 1 12 2 3

9 1 6 2 3 3 62 18 2 3

10 1 0 2 . 3 63 1 12 2 3

II 0 2 3 3 64 1 12 2 1
13 1 0 2 3 3 65 28 2 1

14 1 0 2 3 3 66 1 17 2 1

is 1 0 2 3 3 67 1 32 2 1
16 1 0 2 3 3 68 1 22 2 1

18 1 0 2 3 3 69 1 0 1 1

19 1 0 2 3 3 70 38 2 2

25 1 33 2 2 1 71 1 19 2 3 1

26 1 14 1 2 1 72 1 19 2 2 1

26 2 28 1 2 1 73 1 23 1 3 1

27 1 34 I 2 1 74 1 18 0 3 1

27 2 14 1 2 3 75 1 18 0 3 1

28 1 34 1 2 1 76 1 18 0 2 1

28 2 9 I 2 1 77 1 17 2 2 1

29 1 27 2 3 1 78 1 14 2 3 I

29 2 7 2 3 1 79 1 24 2 2 I

30 1 27 2 3 1 80 I 21 2 2 1

30 2 5 2 3 3 81 I 22 2 3

31 1 28 I 2 1 82 1 20 2 3 1

32 I 35 2 2 1 83 1 0 2 3

32 2 7 2 2 I 84 I 12 2 3 1

33 1 16 I 2 1 85 1 20 2 2 1

34 1 27 2 3 1 86 1 20 2 3 1

34 2 27 2 3 1 87 1 20 2 3

35 1 25 2 3 1 88 1 13 2 3 1

35 2 16 I 3 I 89 10 2 2 1

36 1 25 2 3 1 90 1 28 2 1 1

37 1 35 2 3 1 91 1 23 I I I

38 i 23 2 3 1 93 1 0 2 2 2

39 1 37 2 2 1 94 1 0 2 2 1

39 2 37 2 2 1 95 1 56 2 3 1

40 i 0 2 3 1 96 1 18 2 3 1

40 2 0 2 3 1 97 1 45 1 2 1

41 1 0 2 3 1 98 1 27 I 3 1

42 1 0 2 3 1 99 1 0 2 3 I

43 1 0 2 3 I 100 1 45 1 3 1

44 1 0 2 3 1 l1 I 45 1 3 I

45 1 5 I 3 1 102 1 2 2 3 1

46 1 18 1 3 2 103 1 5 2 I 1

47 1 18 1 3 1 104 I 7 I I I

48 1 0 2 3 I 105 1 34 2 2 1

49 1 10 2 3 1 106 1 0 2 2 1

50 t 30 2 3 1 107 1 2 2 2 1

50 2 7 1 3 3108 1 0 2 3 2

51 1 14 2 3 1 109 1 0 2 3 2

52 1 0 2 2 110 1 0 2 2 2

53 1 0 2 2 lit 1 0 2 3 2

54 1 27 2 3 II1 2 0 2 3 2

55 1 27 2 3 1 112 1 0 2 3 2

56 1 15 2 3 1 112 2 0 2 3 3

57 1 12 2 3 1 112 3 0 2 3 3

58 1 12 2 3 I 113 I 0 2 3 2

59 1 12 2 3 1 113 2 0 2 3 2

60 1 27 2 3 1 114 I 0 2 3 2

• lteating parameter (1: unheated; 2: heated).

Exposure rating (1 : sheltered; 2: semisheltered; 3: windswept).

Roof geometry (1: uniform loads; 2: parapet drifting; 3: multilevel roof drifting).
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Structure Roof Slope Ilea ring Exposure Roof Structure Roof Slope Hearing Exposure Roof
number number (degrees) parameter rating geometry number number (degrees) parameter rating geometry

115 1 0 2 2 2 155 1 0 2 3 2

115 2 0 2 2 2 156 1 0 2 2 3
116 1 0 2 3 2 156 2 60 2

117 1 0 2 3 2 157 1 0 2 3 2

118 1 23 2 3 1 158 1 0 2 3 2

118 2 23 2 3 1 159 1 0 2 3 2

119 1 23 2 3 1 160 1 0 2 3 1

119 2 23 2 3 1 160 2 0 2 3 1

120 1 0 2 3 1 161 1 0 2 3 2

121 1 40 1 2 1 162 1 0 2 3 3

122 1 0 2 3 2 162 2 0 2 3 1

123 1 0 2 3 2 162 3 0 2 3 3

124 1 0 2 3 1 163 3 0 2 3 2

125 1 0 2 3 1 165 1 30 2 1 I

126 1 0 2 3 1 166 1 27 2 2 1

127 1 0 2 3 1 167 1 25 2 2 1

128 1 0 2 2 1 168 1 22 2 2 1

129 1 0 2 3 2 169 1 21 2 2 1

130 1 6 2 3 1 170 1 25 2 2 3

130 2 1k 1 3 1 171 1 18 3 2 1

131 1 0 2 3 1 171 2 21 1 2 1

132 1 18 2 3 1 172 1 11 1 I

133 1 0 2 3 1 173 15 1

134 1 0 2 3 2 174 3 5 I 2 1

135 1 0 2 3 1 175 1 0 1 2

136 1 0 2 2 2 176 I 34 1 1 1

136 2 0 2 2 3 177 1 0 I 3 3

136 3 0 2 2 2 177 2 5 1 1 1

137 1 3 2 3 1 178 1 0 2 2 1

138 1 45 2 2 I 179 1 0 1 2 2

139 1 0 2 3 2 180 1 27 2 2 1

140 1 0 2 3 2 181 1 28 I 2 1

140 2 0 2 3 2 182 I 18 2 3 I

140 3 0 2 3 1 183 1 23 2 3 1
141 1 28 2 2 1 184 1 13 1 3 1

141 2 26 2 2 1 184 2 3 1 3

142 1 16 2 2 1 185 1 32 1 3 1

142 2 24 2 2 1 186 1 32 1 3 1
142 3 4 2 2 1 187 I 37 1 3 1
143 1 24 2 2 1 187 2 24 3 3

143 2 20 1 2 3 187 3 28 1 3 3
144 1 27 2 2 1 188 1 0 3 3 1
144 2 25 2 2 3 189 I 32 2 1

145 1 1 2 3 1 190 1 14 I 1

145 2 0 1 3 3 190 2 23 I 1 1

146 1 35 2 2 1 190 3 7 1 3 1

146 2 0 2 2 3 191 1 0 2 2 2

146 3 17 2 2 1 192 1 32 2 3 1

147 1 27 2 3 3 193 I 30 1 3 1

147 2 9 2 3 1 194 1 32 I 3 1

148 1 0 1 2 3 195 1 17 2 3

149 i 5 2 2 2 196 1 25 2 3 1
149 2 0 2 2 1 196 2 25 2 3 1

149 3 0 2 2 3 196 3 25 2 3 1

150 1 0 2 2 3 196 4 25 2 3 1

ISO 2 0 2 2 1 97 1 23 1 1 1

50 3 8 2 2 1 v98 1 16 1 1 3

151 1 0 2 3 2 .99 1 13 2 3 1

352 1 0 2 3 2 '00 I 25 I I
153 1 0 2 3 2 200 2 10 1 1 2

153 2 0 2 3 2 201 I S 1 1 1

154 1 0 2 3 1 201 2 28 1 1 1

16



Structure Roof Slope fleating Exposurc Roof

number nutmber (degrees) parameter ra ing geometry

201 3 0 | 1 1

202 1 40 1 2 1

203 1 4 1 2 1

204 1 0 1 2 1

205 1 40 1 3 1

206 1 9 1 3 1

207 1 27 1 3

208 1 10 1 3 1

209 I 34 1 3 1

209 2 10 1 3 1

210 1 25 1 2 1

211 I 34 1 i 1

212 1 40 2 2

213 I 25 0 3 1

214 1 0 2 3 2
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APPENDIX C: GROUND AND ROOF SNOW LOAD DATA
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APPENDIX D. CONVERSION FACTORS FROM TIE 1982 ANSI STANDARD.

Table DI. Wind exposure factor Ce.

Category siting of structure* Ce

A Windy area with roof exposed on all sides with no 0.8

shelter afforded by terrain, higher structures or trees.t

B Windy areas with little shelter available.t 0.9

C Normal siting. Snow removal by wind cannot be relied 1.0
on to reduce roof loads because of terrain, higher struc-

tures 01 several trees nearby.

D Areas that do not experience much wind and where I.1

terrain, higher structures or several trees sheltei the roof.j

E Densely forested areas that experience little wind with 1.2

roof located tight in among conifers.
*The conditions discussed should be representative of those that are likely to

exist during the life of the structure. Roofs that contain several large pieces

of mechanical equipment or other obstructions do not qualify for siting

category A.
tObstructions within a distance of 1 0 provide "shelter," where /t0 is the
height of the obstruction above the roof level. If the obstruction is created

by deciduous trees, which are leafless in winter, C, may be reduced by 0.1.

Table D2. Thermal factor Ct.

Thermal condition * Ct

Heated structure 1.0

Structure kept just above freezing 1.1

Unheated structure 1.2

*These conditions should be representative of
those that are likely to exist during the life of
the structure.

4 4
en on
2 12

31 6 1 12 3 6 81 2on n o n on en on on
1 12 12 12 12 12 12 12
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All Other
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06e
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Roof Slope Roof Slope

a. Warm roofs (Ct = 1.0). b. Cold roofs (C, > 1.0).

Figure Dl. C. versus roof slope.
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A facsimile catalog card in Library of Congress MARC
format is reproduced below.

O'Rourke, M.
Analysis of roof snow load case studies: Uniform

loads / by M. O'Rourke, P. Koch and R. Redfield.
Hanover, N.H.: U.S. Army Cold Regions Research and
Engineering Laboratory; Springfield, Va.: available
from National Technical Information Service, 1983.
v, 35 p., illus.; 28 cm. ( CRREL Report 83-1 )
Prepared for Office of the Chief of Engineers by
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and Engineering Laboratory under DA Project 4KD7801
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